Abstract: All-Optical flip-flop operation using a SOA and When the injected input signal power is low, the power that DFB laser diode in an optical feedback scheme is is injected into the laser diode is also relatively low, so the presented. The device is based on the gain difference in laser operates well above threshold and injects power into the SOA and DFB laser diode for the different stable the SOA. The SOA is in this case saturated by the injected states. Flip-flop operation is shown for set and reset pulse laser power and the amplification inside the SOA for the widths of 10 and 150ps of 5W and 3.5mW respectively. input signal is low. When however the injected input signal power is increased above a certain threshold value, the Keywords: Flip-flop, SOA, DFB laser diode.
pulses that can change the state of the device for a fixed 2. Device description and operation principle input power (the holding power).
As shown schematically in Figure 1 the device consists of Looking again at Figure 1 one can notice that when the a travelling wave SOA which is bi-directionally connected laser is in the ON-state it can be switched off by injecting through a coupler with a DFB-laser diode. This means that an extra reset pulse together with the holding power part of the output power of the laser diode gets coupled required to keep the device within the bistable domain. By into the SOA and at the same time an equal fraction of the applying a reset pulse using the extra SOA after the output power of the SOA gets coupled into the laser diode.
coupler as input waveguide when the laser is in the OFF- The bistable domain that is obtained by the device Figure 4 shows that also shorter pulses can be used to set described above can be seen in Figure 2 . As long as the and reset the optical flip-flop. By using Gaussian optical input power is sufficiently low, the output power of the pulses with a FWHM of 10ps and a peak optical power of laser diode only decreases slowly but at a certain input 5W (corresponding with a switching energy of 11 ptJ) we power (here around 0.14mW) the laser diode switches off.
can again switch the laser between the ON and OFF state.
When decreasing the input power again the laser diode Again we note that a turn-on delay can be seen between switches on for a lower input power than the input power the set pulse and the actual switching of the laser diode. where the switch off occurred. This is caused by the fact that the higher gain in the SOA due to the switched off 3 6 laser provides sufficient amplification for lower input .... Reset pulse powers to keep the laser in the OFF-state. 
Input power (mW)
Following the results of Figure 3 and 4 we can conclude Figure 2 Static response of the SOA/DFB laser diode that shorter pulses require more energy to change the feedback scheme.
state of the optical flip-flop. The set pulse needs to cause a sufficiently long decrease in gain in the SOA for the laser When choosing a holding power inside the stable domain diode to switch back on. For longer pulses this decrease in shown in Figure 2 the Figure 5 where the response of the device device.
around the reset pulse is shown for the case of Figure 4 In Figure 3 it can be seen that by using first order (FWHM of lOps and peak power of 5W for the optical Gaussian optical pulses with a FWHM of 150ps and a pulses), we notice that a delay of about lOOps is peak power of 3.5mW as set and reset pulses the state of introduced between the time of the pulse and the time of the laser can be switched between the ON and OFF state. the response of both the laser diode and SOA. This delay The switching energy is then 29.4nJ. It can be noticed that can be explained by the roundtrip time in the feedback while the laser seems to switch off almost instantaneously loop (typically around lO-2Ops) combined with extra delays there seems to be a delay on the switching on of the laser added by the simulation tool in the connections. diode.
waveguide for the reset pulse this problem can be 2 Laseroutput 6 overcome and lower holding powers can be used. The reason for the relative high holding power in these simulations as compared to the position of the bistable domain lies in the fact that both the set and reset pulse pass through (and deplete carriers in) the SOA. After the passage of a pulse the gain will be temporarily lowered and in the case of the reset pulse, this lower gain may cause the output power of the SOA right after the pulse to be to low to keep the laser switched off and the OFF-state can not be maintained. By using a different input
